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ABSTRACT 


Dijmeceomom ttons im Wwse oLten occur in operating sys- 
tems where the component units are located at distances from 
Omenanother. A specific recoverable item is considered for 
GeNavy System in which a stock of spares and a repair facility 
mmeeeiocated at each advance base. With each repair facility 
Piewead aS dad queueing system, expressions for the expected 
mumber Of back orders for the total system are derived. A 
marginal approach is proposed for determining the optimal 


allocation of spares to each advance base. 
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I. INTRODUCTION 


Panrvesonganizations with operating subsidiaries, located 
at distances from one another are often faced with problems 
of shortage of items in use. The shortage may affect the 
functioning of a subsidiary, and in turn, may affect the 
performance of the organization as a whole. An organization 
often cannot avoid shortages unless it can stock an infinite 
or very large number of spares, and carrying a large number 
of spares of an item to reduce shortages iS sometimes neither 
eemoetical nor economical. In most cases there are limita- 
tions on the number of spares that can be held. This may 
occur from the limitations of budget, storage space available, 
or delays in resupply. Also, in some cases an organization 
ieee limit itself to a certain number of spares of some spe- 
Grice items in order to avoid great losses when technology 
changes, and items in hand become obsolete. Only in a few 
@ases where shortage of an item is cOnsidered catastrophic 
wemmiespares be stocked at higher levels. So in general, no 
matter what the limitations are from other factors or from 
the am BOeee Of the organization itself, spares for an item 
will be held only to a limited number. This will allow some 
shortages of items in use to occur among the subsidiaries at 
any time. Shortages such as these are sometimes called back 
orders when needed items will be eventually supplied. Given 


a certain number of spares that an organization can hold, the 


el 





back orders might depend upon the allocation of those spares 
as well as other factors. 

Our interest is in reducing the amount of back orders to 
a minimum when a limited amount of spare items are available 
in the organization. This can be done by finding an optimum 
eerocation of those spares among the operating units. To 
make the problem clear, a Navy organization will be used as 
a sample organization to be solved for optimum solutions. 
Semer Organizations can use the solution derived in this 
paper, as well. 

In this paper the problem involves an item which is used 
at many distant subsidiaries (advance bases, in case of the 
Navy). The item is recoverable and can be repaired within 
Mme@eomared 19 which it is used. Items such as engines and 
pumps are of this type. 

ime the none Wien rollowS,) parts Of the prodlem will be 
considered as queueing systems and the whole problem viewed 
as an allocation problem. There are five chapters in this 
fewer, Chapter Z 1s concerned with @escribing the problem, 
defining variables, and stating assumptions. In Chapter 3, 
two models are derived, one for the case when the number of 
Meeticedm Use 15 large, and the other for the case when the 
mumoer in use 1S small. Measures of effectiveness are es- 
tablished in Chapter 4 and a numerical example is presented. 
The last chapter provides a conclusion of the work and gives 


Beet cot FOnmmonr EUrtier work on problems of this type. 





eee okt hON Or PROBLEM 


Pe asemecessary to understand the problem clearly before 
we start to solve it. In this chapter we will discuss the 
Mere of the problem and how it arises. Following this, a 
iiersure of etfectiveness will be proposed to use as a cri- 
momron tor the model déyeloped in a later chapter. 

Consider a Navy with assigned tasks for defense opera- 
Ions at sea involving ship deployments in areas distant 
from home ports and supply depots. This usually leads to 
ea@esestablishment of a number of advance bases to support 
Mise Sips at their operating areas. One mission of ad- 
vance bases is supply and most of the advance bases will 
usually have some spare items on stock as well as limited 
Mmepair facilities to service certain recoverable items. 
Smemmarily, there are spare items onboard ships too. 

Simeemecrest in this paper 1S in recoverable items. 
Weoulewiy> when an item on a ship farils, it will be replaced 
by a spare [ieee GOnushiy SeSsStOck tf One 1S avarlable; other- 
Perea spare item will be requested from the advance base. 
The failed item will be sent to the repair facility at the 
meserror repair. (A failed item that receives minor repair 
on ship is out of our interest here since this usually takes 
a small amount of time and only slightly effects the perform- 
miecerorestip, es ohip Ss inventory will be replenished by a 


Spare item from the advance base and when the item is repaired 





aeetne repair facility, it will enter the advance base's 
inventory. 

This system permits a ship to maintain its performance 
ase long as there are spare items on the ship or at the ad- 
vance base. When the advance base and all ships in that 
base's area run out of spare stocks, however, a failure of 
Ween Om the Ship may Cause a deterioration of the ship's 
Mer tormance during the time the item is back ordered, wait- 
ipemror the repair facility to replace the item. As we 
ieee use the term, ‘back orders' means the number of items 
that is shorted at any time among ships at an advance base. 

PerGoolcmmor Darticular interest here 1s that of spe- 
cifying how many spare items to allocate to an advance base 
and its operating units, since there are limitations on total 
number of items that the Navy can share among these advance 
bases due to limitations on budget, etc. Giving more to one 
advance base means giving less to another, and may influence 
Porat back orders throughout the fleet. 

Mm iemconslderT ayspecirice item, @t Ws likely that certain 
Mmieormmation will be available. We should be able to deter- 
ieieemene total number of items in use by the operating units 
supported by each advance base and the total number of spares 
in the Navy available to allocate to advance bases and ships 
Supported by those bases. We will assume that the failure 
rate of an item on an operating unit at any advance base can 
Peep rcdreted from past data or from the task assigned. The 
ie menerdirenate tor the item at each base's repair facility 


Sioula De estimatable from old records. 
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Since ships operate in areas close to the advance base 
momunich they are assigned, we can consider the ordering 
aide Shipping time for spares from that base to a ship as 
negligible. Also, since spares on one ship can be trans- 
fHemred to another ship in the same operating area, we shail 
consider the spares on ships as if they were in stock at the 
advance base, forming one inventory of spares for the advance 
base and its ships. Hence, the term "spare at advance base" 
will include the spares on ships assigned to that base as 


well. 


[ee CRLTERION 

We now consider the measure of effectiveness (MOE) for 
this allocation problem. If we think of the Navy as a whole, 
the total cost for spares of all items seems to be important, 
although this will probably be determined by budget. Alloca- 
tion of budget among items is important, but our problem is 
memorditferent level. We are interested in a quantity of a 
Single item which the Navy must allocate among the advance 
bases. Our MOE need not depend directly on cost, and one 
reasonable MOE for our problem would be the number of back 
Mmeeers that ships or operating units incur over a given time 
Merioed., Since failures occur randomly, the number of back 
orders at a given time is a random variable. Using expected 
back orders as an MOE, our problem is one of allocating 
pares Of a specific item to all bases in order to minimize 


mic expected back orders. 





The claim that expected back orders is a reasonable MOE 
Mitte cmeilatetadiliunres are essentially equally important, or, 
more basically, that every ship at every base has an equally 


importante task so that the effects of a shortage on ships at 


One base are the same as on ships at other bases. 


Pee ttitkb APPROACH OF THIS THESIS 

In the chapters which follow we will develop an analytic 
model portraying expected back orders at an advance base in 
terms of the allocation of spare items among all advance 
bases. Then we shall propose an optimizing procedure per- 
mitting determination of the allocation of spares to minimize 
eepected back orders. It should be noted that our work is 
directed toward an item which is always repairable when it 
fails, and which always may be repaired by the repair facil- 
ity at the ship's advance base. Items may not be transferred 
among advance bases. 

ioieimerease our understanding of the problem, Figure 1 
represents a part of the system (one advance base) and we 
Seemenat fatled items on ships will be replaced quickly as 
long as spare items (including repaired items) do not run 
out of stock. When spare items run out (and no repaired 
mens are left) then failed items on ships will not be re- 
placed and back orders will occur. 

item youn ot alrepair facility with items on ships 
miemitetie repair facility can be considered as a queueing 
otc vwitieratrled 1tems as customers and the repair facil- 
mpecomaccrver.— Then we can show our system more precisely 


tomo Loure 2. 








Operating Unit 





r 
| 
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| 

| 

Advance Base 

| _ 

Pejoeulie |ieKeguibye 6 Spare Stock 
= | = a 


— — —- failed item sent to repair facility 
mene Lepaired item sent to spare stock 


moe opdare item Or repaired item sent to replace 
failed item 


Figure 1. System at an Advance Base. 
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Pw s> repaired items sent to spare stock 


SViEcwLectionor repaired 1tems sent to replace 


failed items 


Beaune s2.. Oueveing System at One Base's Repair Facility. 
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these structure permits the number of items delayed at 
the repair facility and the number of items in stock to be 
determined. This, in turn, allows computation of the number 
of items still in use on ships and the back orders incurred. 


Peeeeot this will be developed in detail in the next chapter. 


15 





Til. MODELING THE ADVANCE BASE REPAIR SYSTEM 


This chapter is concerned with constructing a model of 
the advance base repair system to assist in allocating spares 
among advance bases. After the variables to be used are de- 
fined and the assumptions are stated, we will consider models 
moet wo Cases: an infinite, and a finite number of items in 
iene model will be developed in terms of expected back 


Orders. 


A. VARIABLES 
Variables of concern in the work to follow are defined 
below. For any advance base, 
N = number of items in use, 

A, = number of items at the advance base at time t; 
this includes items stocked at the base and on 
ships, items being repaired, and items waiting 
HO sr epaat , 

(easier OLelcems at the) répair facility; this 
includes items being repaired and items wait- 
Mien coube. Ppepadgred (in mele queue) , 


@Q-eicilirecerate or items in wse on ships, 


le-wmeCoatneerate (for falled items) at the base’s 
See Ieee ee 


PoOpeeamtotaleback order incurred at the ships at an 
advance base at any time, 


Eas...) expected back order incurred at ships in an 


advance base (as a whole) at any time. 
Sapoerimts will be used to indicate the base under con- 
peeoeration, €.f£., Ne = number of item in use (all ships) at 


jee base. 








B. QUEUEING APPROACH 

iieadditlomsto the discussion of Chapter 2, other as- 
sumptions should be stated here. Part of each advance base 
is viewed as a queueing system with failed items from ships 
as customers and base's repair facility as the server. It 
is assumed that customers arrive with a Poisson arrival awe, 
and that the server serves with exponential service times. 
pamce the problem concerns items of the same kind, there is 
iemenLority among them other than the ordinary discipline, 


meerst in, first out'. 


eet MODELS 


Mima DITrtn-death process where 


hn seGreerOt Dirtn when there are n items in the system, 

ie > rate of death when there are n items in the system, 
and 

ee = probability that there are n items in the system in 


the long run (steady state), 


one can show that [1] 


a A bg O06 : 
~ t ® 8 ® ? 
n Uy U5 Ln O 
and 
1 
Pp = 
O CO r oi eee 
1+ a n-l 


Thus we have 








where 


nee ee (1) 
ie n 

This result will be used in the work that follows. 

Case lyn ange 

If the number of items in use on the ships attached to 
an advance base is large so that we can consider N approxi- 
mately to be infinity, then the model is simply derived. 
Since N ~ ~, the mean rate of failed items from ships sent 
momene repair facility can be considered as a constant, i.e., 
a = X (if A = failure rate of an item in use). This is the 
Mommth rate” to the system at the base's repair facility. 
mimee the rate of repairing (“death rate") should not depend 
On the number of failed items in the systen, WO 1s equal to 


ieeeoeconstant. Accordingly, we have 





— edheeed Z aie) 
no” Weue ed Cy > 
auiqual 
Bom = 5 (2)" -—+,-1 
n=1 n=l Me 1-- 
u 
However, 
= 1 
1+ :. Ts 
n=1 se J = a 
u 
and therefore 
A vn r 
P = A oe 
a7 CS a -$) 
=p (1 - 9), (2) 
d 
whe = — 
a 








This equation can be used for each advance base. 


NemmlolGllGnimwOlr attention to back orders. 


Figure 3 shows 


how items on ships, in the queueing system (waiting for re- 


mreand being repaired), and in stock relate to each other. 


Relationships between items at different places and the 


number of back orders are as follows: 


n Stock 
0 A 
O 
1 hood 
O 
Z A -2 
O 
nea di 
O 
A 0 
O 
Alt 0 
O 
ot 0 
O 
Accordingly, 
0 
Oke = 
Wx 
O 


> 


> 


> 


> 


Note that A, mG wa rancom Variable. 


Number of 
Back Orders (B.0.) 


0 
0 


Pieegieme ta lems taccalla is Bie 


At time t = 0 (or in other words, at the starting of the 


problem). But. it may also equal Ay at amy time when back 
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items in use 


Advance Base (A, items) 









n items 





System 





Queueing 





J, items ready 
to use 





failed items 
in queue 






Figure 3. Advance Base Repair System Showing Inventory Levels. 
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orders are not present and no failed items are in the queueing 


system. 


Expected back orders can be found as follows: 


Ee .O. | 


I 


I 


NAB 
© 
= 
AS, 
=| 
tt 


therefore 


> @BeWo Ps 





Nh 
> ~— (v-A,) (1-0) 0" 
n=A_ +1 
O 
(1-p) > np - A. Gee )icr 
n=A_ +1 n=A_ +1 
O 
= A, e ave 
cao) np" 2 no = mp) (1-p) "> 1-96" | 
n=0 n= n=0 n=0 
A Atl 
(dl Recor - no" | eee E = (1-9) +48 ’ 
n=0 
Ag A +] 
pos - (le) Ym - Ale Oo . (3) 
n=0 








Supstituting this into (3), we have 
oon 
O 


E(B.0.) = 8 = 
1 a6 





al 
Nee? 
faa 
bh! 
t 
ei 
Nee 


(4) 


mers 1S the general form for every advance base. 

(ase Z, N Finite 

iene number Of Item in use on ships cannot be con- 
Sidered infinite, the rate at which failed items arrive at 
the base's repair facility will depend upon the number of 


meems left on ships. The rates of arrival are shown below. 





n Stock A, B.O. Items Left Roeieaey a 
on Ships (Failure)Rate, 3, 
0 A AX 0 N Ni 
O O 
ih A_-l A 0 N NA 
O O 
2 A_-2 A 0 N NA 
O O 
A -l 1 A 0 N NA 
O O 
A 0 A 0 N NA 
O O 
Atl 0 Ati 1 N-1 (N-1). 
Ajt2 0 Be ees 2 N-2 (N-2)A 
A_+N-1 0 A +N-1 N-1 J: r 
O O 
A_+N 0 A_+N N 0 0 
O O 


B Led 








From the above, one can see that back orders, 


B.0O. = 


n-A,  , AQ <n < AQtN 


The failure rate a stays constant at value Nd as long as 
the number of items in use on the ships is N. When n in- 
creases and is greater than Ag» items in use on ships will 
decrease below N and back orders will occur. This will re- 


Eeeetein a Change in the failure rate: 


NA emir Ss A 
= Se: 


(N+¥A_-n)A , A. <n < A-4N 
O O = O 


pupee: the repair rate is WH, = us we Mages. bOr 30) se tas Ag» 


noe 2OAL*"*n-1 | NASNAS**NA lL cygyn 
n pp HNP emL: o6 26) 


moon < n < A +N, 
O = 0 


A 
n= (My O NA+ (N-1)A s+ (N+Ag-n+1)A 
nh u jb he 8 eee ib! 


A 
A ie N°N! 


cs Career 
A 
_ p'N ON! 
(N+A.-n)> : 


and for n > AGtN, 


i OF (5) 





Therefore, Ee 


, the probability that n failed items are 


meee system and E(B.O.), the expected back orders, may be 


found as follows. From (5) 
ae A, A +N o A, 
= n o N Ne 
1+) I 1+) (No) > We a 
n=1 n=l] n=A +1 
A. A +N r A. 
_ n o N N! 
> Wo) > 0 26 Oe 
n=0 n=A_+1 : 
O 
SUbostituting into (1) 
II 
Pp = a 
Ti oO 
1 + & I 
n=l 
Thus we have 
n 
(No ) O< 
: <n<A 
AG IN . A. O 
S o~N Ni 
». (No >. (V¥ AD - sy 
s=0 s=A +1 
O 
o A 
ee o N Saale: 
n OS el ee 
n e » A <n<A +N 
O rN A O . 
S o°N . N! 
- oe yy C= so 
s=0 s=A +] . 
O 
0 


RA 
O 


imo@omanner similar to the infinite case, expected back 


@mders, E(B.O.) = 
n 


a 


Z (B.O.)P_, may be found by substituting for 








the value of ar 


AQtN 
E(BeO.) = ORES 3) 
n=A _ +1 
O 
n A 
AGtN (n-A. Jp N N! 
CS RE Fer 
= O 
A Ay +N A, 
o>N Nt 
(Np) Ss WER SST 
Nn=A_ +t+ifss=0 eS Ne 1 | 
O | 


Finally we have 


A_+N 
A, o- (n - A Jo” 


‘i ON GIR 
Da as (N+A,-n) De Oe 2 Ry 


(6) 


Ee .O. ) 


This is the general equation for every advance base. 

iene next chapter, we will address the problem of allo- 
cating spare items among the advance bases. A marginal ap- 
proach will be proposed and the two equations of expected back 
orders which were derived in this chapter will be used in 


finding optimal decision procedures for allocation. 


aS 





Vee oe Oe LT LON SOF SPARES 


Miethe preceding Chapter, expressions for the expected 
back orders for the cases of small and large calling popula- 
tions were derived. It was found that, in both cases, ex- 
Mmeemea Dack orders depended on the failure rate of items in 
Meemi.4), the repair rate at the base's repair facility (wn), 
fmemenie Tumber of spare items initially stocked at the base 
(A.). For the finite source case, expected back orders also 
depend on the number of items in use on the ships, (N). 
Although u, A and N for any base might in some situations be 
decision variables, our interest here will be that of allo- 
cating a limited number of spares among bases, and thus at 
each base, A, Witt@iebe Olunedecistonm Variable, Appropriate 
aceeting of A, for each advance base may change the indi- 
Vaaqual base's and the overall expected back orders. This 
chapter will propose a marginal approach EZ hor alin ima caine 
the total of expected back orders over all advance bases, 
feeeimea limited number of spares to allocate. A numerical 
eeeatele Will be shown at the end of the chapter. 

Mem the problem description in Chapter 2, items ini- 
tially assigned to advance bases can be divided into two 
kinds: items in use at ships and spare items (some possibly 
on ships) which are considered as stocked at bases. The 


J 


Beral number of items in use over J advance bases is aa MG 


al 
and the total number of spare items is eal Aaa: Ue eure o= 


Pronmeidt drises 15, if the Navy has a limited number of 
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Spare items for all advance bases, how many items should be 

rmimeecated £6 each of them in order that the overall expected 

back orders will be minimized. In other words, what is the 
h 


optimal A. for the 5° base. One approach is to use the 
jo 


Meamerial expected back orders to determine the allocation. 


A. MARGINAL APPROACH 

Here the term 'marginal' means the change that occurs by 
increasing one unit of a variable. The general idea of the 
memernal approach 1s to determine the effects on the overall 
expected back orders when we increase spare items to advance 
bases, one item at a time. Since the other variables (N,A,u) 
may be different at different advance bases, the marginal 
Peeeeetcd back orders when a unit is allocated to one base may 
Wommbe the same as when the unit is allocated to another base. 
Uieerethe marginal approach, that spare item should be allo- 
G@auea to the advance base where the greatest decrease in 
toedemexpected back orders is incurred. To use the procedure, 
all advance bases will first be assumed to have zero spare 
items. Then items will be allocated by the rule above, one 
meetieat a time. In the algorithms that follow, A, HOr eden 
ieeemvill initially take the value zero. When a spare item 
has been-allocated to an advance base and we are considering 
allocation of the next Scien ten, AG for that base will be 
meeremented one unit. 

EwemesstOns LOL Marginal expected back orders are com- 


puted as follows: 


ci 





Case l 
EEBtae nUnDeneOL 1ttems dm use on the shipS at an ad- 
Vance base is very large, the expected back orders for the 


advance base is as was shown in Equation (4): 


E(B.O.) = ( - ) le - ) 


th 


mitat is, for the 7 advices pases e21Ven that ae Spare 


items are allocated, the expected back orders will be 
me i)\” 
E(B.0.1A,,) = r 1 - r ee 


Mies total expected back orders over all J advance bases 


will be 


E,(B.0.{A,,) + E,(B.0.|A,,) +:--+ E,(B.O.[A,.) + 


+ E,(B.0. Ayo). 


th 


News if one more Spare item is allocated to the i ad - 


vance base, then the total expected back orders will be 


E,(B.0.[A,,) + E,(B.0.|[A,9) +--+ ERE. O.|A., * 1) 4 


roe CBO AT): 


iiteretore, the marginal expected back orders over all 


ti 


advance bases, given one item is allocated to i base 1s 


Ce Oe Ay) cet E= (B02 |A- *1)i+---+E,(B.0.|A,o) 1 
- [E,(B.0.|A,,) test E, (B.0.[A, 0) Poa 2 (B10. JAzo)] 
= EB, (B.0.|A.. + 1) - E; (B.0.|A;,)- 
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Feestic marcinak quantity be denoted by AE., so that 


AE, = E, (B.0.{A; +1) - E,(B.0.|A;.). (8) 


It happens that AE. depends upon expected back orders at 
Eine eu base alone; for the following derivation the subscript 


'i' will be temporarily dropped. Then 


_ as O See ae us O De 
bE = (>) (1-5) (=) (1-5) 
ee rn \Mo* 
u 
hat 1s 
ds ha ed 
oe (9) 
iL 
Case 2 


mem N 1s not large, the marginal expected back orders 
over all advance bases if one more spare item is assigned to 
eit 
the i. base, AE,, is equal to E,(B.0.|A, +1)-E, (B.0. A, .). 
muommendapter 3, the expected back orders for any base is 


piven by Eqn. (6), 


A_+N n 
A, re) ON Sere 
= ' 
Eb. 0.) N ey A, A +N ; A. 

7 S 9, N vi \ 
nal ed Sees 1a) >. (No) + Nga 
c—() ssA +i | 

2 O 


By dropping the subscript i as before, 


Jag) 





Atl @ 2h =i) 9” 
AE= NN re ALtNt 1 
O O jax il 
= : S o>N ¢ N! 
=A, t2 (N+A-n+1): » (No) ‘> iN ssa) gs 
s=0 s=A +2 : 
O 
A +N # 
A (n= AL) ip 
NON 2 
: Ay Non A, 
J : - S oN ne 
n=A,t1 (N+A. ene ». (No) a (NtA_-5)! 
s=0 s=A_ +1 
O 
Let 
Bo Nee S O 
_ S o”~ N N! 
I = (No) >) Weko> svt (10) 
s=0 s=A,t1 
Then 
A ott A +N+1 2 A,t1 
S o~ N N! 
> US Cir as) 1). 
s=0 s=A +2 
O 
Atl AStNt] a Atl 
a S o” N N! 
+> (No) >) OR ee Se 
s=l s=A +2 
O 
ie oa S+] aaa | 
= 1 + (N oe +) @) N ING 
Cys). 
S=0 Seal 
omelet Noll. 


Pace Mf does not depend on n, then 


A +1 Pott 1 n A A_+N 
Ree NO ONIN Gao on NN” (n-Ag) p- 
1+Noli (N+A -nt1)-. a | ee (N+A,-n)° 
n=A,+2 | n=A,+1 


0 





n=1 n=] 
Atl A,+1 A A N » 
_ |N N! p eae Hoe n 
ios Noll Il (N-n)! 
n=1 
A A N 
me ON ao TEE 1 
ICI SN OI) (N-n)! (11) 
n=1 


where Il is as defined in (10). 

To demonstrate the approach using the derived equation, 
aeemerical example is given. Consider the allocation of 
name spare items to three advance bases where the relevant 


rates are 


dy = 2 items/unit of time We 3 items/unit of time 
do seo i1tems/unit of time Hy = 4 items/unit of time 
dz = 4 items/unit of time Wz = Se atems/Uunle- or time: 


hae Ny; No, Nz are considerably large, then using (9) will 
give the result shown in Table I below. 


pst Base onc Base 3rd Base 
Allocate le 


K SE Az, SE Az, SE 
i8t spare MCRGnO) E075) 00) 10.8 3T¢ Base 
pee spare ROM LOMO SG) 1) 0064 2nd pase 
spare iO cite os6 1 0.64 i5t Base 
spare 1 0.45 1 40.56 1 0.64 37d Base 
a Spare 1 O.48 i), Se Oe Sul 2nd pase 


tavkeu!.. Optamal Allocation. 


Poi 





That is, allocate one item to the first base and two items 
each to the second and the third bases. 

That is the completion of our work on the allocation 
problem. The next chapter concludes what has been done in 
this paper and gives some recommendations for further work 


on problems of this type. 





V. CONCLUSIONS 


In previous chapters, we developed models for allocating 
the spares of a Navy system to it's advance bases. The 
models are based on the consideration that parts of the Navy 
System may be viewed as queueing systems. We also developed 
a procedure for allocation of those spares using a marginal 
m@eeroach. In the last chapter, an example was given to 
demonstrate the procedure. 

ime models and procedure derived in this paper are not 
mestrircted to a Navy system. Any organization in which sub- 
Beammates are located large distances apart may face the 
same problem of allocating spares and can use these models 
and procedures. 

iminere are some LittbatlOnseim the work we have done: 
First, the problem is limited to a single kind of item which 
Mmemeecoveraple. Next, each advance base 1s considered to 
meeemomly one repair facility. Furthermore, ordering and 
“waemopine times between ships and their advance base are con- 
eaeemea negligible. Thus there are opportunities for exten- 
Son and enrichment Sratnisevork. come SUgreStIONS are: 

imeeconsidering an organization as a whole, it's sub- 
ordinates may need different kinds of spare items to replace 
items in use. When other kinds of items are considered, it 
[ire De appropriate to consider them all at the same time 


Since they may be subject to the Same set of constraints. For 








example, the multi-item problem may be subject to a budget 
constraint which may create problems such as, given an al- 
lowance of budget, determining how many items of each kind 
are to be acquired as spares for the system, and then how 
mtems of each type should be allocated to each subordinate. 

2. Each advance base may have more than one repair 
Pierlity. This creates analytic difficulties since with a 
multi-server queueing system, it is rather hard to determine 
Mmeemexpected back orders, Moreover, there may be central 
meeaty tacilities to support all the advance bases. This 
mates tne problem to a two-echelon allocation problem, 
which would be an interesting one to study. 

It is hoped that this thesis may be useful to those 
interested in the problem of allocating limited spares, and 


mide itc may be a starting point for studying these problems. 
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